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ABSTRACT:
While relatively rare, the failures of steel structures occasionally occur due to extreme wind events such as hurricanes
and tornadoes, especially at the erection stage. The American Society of Civil Engineers (ASCE) provides well defined
guidelines for determining wind loads for regular buildings; nonetheless, the actual wind loads for complex open
frame steel structures is not as clearly understood for practicing engineers. Pipe bridges and pipe racks are open frame
structures commonly used in many petrochemical plants. Over the years, additional pipes and cables, in excess of the
initial planned number of pipes, are often added to existing pipe racks (or bridges) to accommodate changes in
operation needs of the petrochemical plant. This study investigates (1) the influence of adding extra pipes and cable
trays on the wind load of pipe rack using a wind tunnel, and (2) strategies to retrofit the pipe rack to accommodate
increased wind load due to high blockage ratio. Using the force balance technique in the wind tunnel, this study
determines drag coefficients for pipe racks and discusses the changes in wind loads during various stages of
construction and retrofit.
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1. INTRODUCTION
Once properly designed and constructed, steel frame is one of the most reliable and resilient
structural system. The Canadian Architect (2017) published an article, claiming that steel offers
consistency, precision, durability, and guaranteed strength in the most challenging environments.
For this reason, there have been many applications for steel frame; one of which is the pipe racks.
In the industrial plant, there are occasionally necessities for expansion which results in additional
mass on the rack system. Instead of constructing new ones, retrofitting existing pipe racks to
accommodate more pipes is often done. ASCE 7 has well defined guidelines for determining wind
loads for regular buildings. The actual wind load and drag coefficients for open frame steel
structure such as pipe racks are less well understood for practicing engineers. In 1989, the Australia
Standards (AS) provided sets of drag coefficients for various sectional shapes, including the
optimized shape such as W section, in part 2 of AS 1170. As of 2011, the ASCE Task Committee
on Wind-Induced Forces published guidelines for determining drag coefficients for open frame
structures (ASCE 2011).
While guidelines for designing new pipe racks and bridges are available, there is a scant body of
knowledge on how to consider wind loads on retrofitted open frame steel structure. This paper
presents and discusses responses of wind loads for retrofitted pipe racks, along with a series of
drag coefficients for W section steel members, and a method for determining drag coefficients for
open frame steel structures.
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2. METHODS
In this paper, a pipe rack is selected to represent the open frame steel structure, shown in Figure
1. A 3D model of the pipe rack is created and properly scaled down for printing using a 3D printer.
The printed model is then placed inside a wind tunnel for force balance test with multiple load
cells placed at the base to capture the forces during the test. The forces measured in the principal
directions (Fi) is used to determine the drag coefficients (Cdi) using Eq. (1).
1

𝐹𝐹𝑖𝑖 = 𝜌𝜌𝑉𝑉 2 𝐴𝐴𝐶𝐶𝑑𝑑𝑑𝑑
2
In this equation, 𝜌𝜌, V, and A are the air density, wind velocity, and cross-sectional area,
respectively.

(1)

Figure 1. Isometric view of pipe racks

A single W section steel column with various flange width to depth ratios is tested in the wind
tunnel to verify and extend on the series of drag coefficients provided in AS 1170. To increase
the number of pipes that can be carried by an existing pipe rack, one may add extenders as short
cantilever beams (see Figure 2). A series of force balance tests is conducted on the various
configurations shown in Figure 2 to simulate the different stages of retrofitting. The effect of
retrofits on both the change in the magnitude of the load and the path is also investigated.
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Figure 2. Stages of retrofitted pipe racks

3. RESULTS AND DISCUSSION
While AS 1170 provides drag coefficients for W section shape with the width to depth ratio of
0.48 and 1, this paper is able to expand upon that and provide drag coefficients for the ratio of
0.3, 0.5, 0.7, 0.9, and 1. From comparing the response of wind loads during various stages of
retrofit, the resulting impact is identified and discussed. Additionally, the data obtained from the
fully constructed pipe racks is used to compare with the force coefficient equation (Eq. 5B.2),
provided by the ASCE Task Committee.
4. CONCLUSION
The provided series of drag coefficients for the steel W sections will be useful for practicing
engineers to compute the actual wind loads for new or retrofitting of existing pipe racks in
industrial facilities. It is anticipated that this study will provide new information and knowledge to
engineers for safely retrofitting existing pipe racks and bridges to accommodate increased number
of pipes in petrochemical and other similar plants.
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